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AssmcT 
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AwXJmtM-.ik*, f9$Jt0t 'S.tJt%MHjQmAiil0§Am lAom ^fct 
lAgnaJt t.v&iimhZ% |4«tt tkt ^xpMJbmt m0thm*4 AkdmMi»* T&t 
pMPbimtA 4tft44ltif out o| Ma ApAJUffdUdtg o| Ma tli« 

fRiiooejio* o| littc4|ftiiu£fif wmdmMimt AAmptAZA* Amd tkA Mmpm- 
pmpdmg mPlAA km Iftcn ootoc^ bg iu4m§ m matAkAd 4 MMa 
dAtmtiPM (Ml nmtAJumi, AffmptZM b£mkd»g kg pAMMd Amptimg 
md (Mil dlgMAi MgmM §MkmummAM^_ 


. . y^An mutisg slgmU pAA^mnt^MMiUMg lm$Mp«gMMmg 

'141 md jMI mmtiAmd Abdm km kMk AmmMiuUg iMMmMd/ 

md tmtAd nMk A AJbmMMMd Mpmt MgmM, Tkft iMiigik 

/" 1 

o| tit digMM mkmmmmd 40im km «4Uo ittt \/ 



Cluipl»r ~ X 


and aadiaal MMaupeiiara liava triad to dawalop 
tioluiiipMMi tad IkMioM iritb idiioli nwdioai diagacMMis €»ii Imi siado 
««•» iMfora aa iadividaal*a hixth* siacai tba iMMurt ia tlia aoit 
infortaat corgaa of a Iomhui , it la lo^loai tluit attwatiaii 
fiMNil.d lia fooaaad em tlM foatai liaart* iba beat taohai^pMi of 
atadi^iaf tiia iaatal. taart ooeditlm la to oiaaraa ita 

^pMtipiPlCdPPIpKCWlilP^irii^ * 

fte foataJL Haetso Cardio mm Oracdl ia an aiaetriaai 
aifaal, aaaoelatad 'Witb tlia bwitii^r'of tiui aaftMrfonia liaartt vddaii 
oaa Imi alNbaiaad aoinalJlf 1^ aiq^sritir a fair of alaetroi«i to tha 
abdoaaa of a pMpMnt Honan dnrinf tba iaat i noatba of frofnanof • 
flm i^araotariatlioa I f r aaaao a of tta aifnai « rata ^ wavaaliafa , I 

dfnania baiiarloiir} of tida ioatal baart aifaai am ia n aw a at y ' 
naaAii m an aliatmtiaian* fida aan baif bln to taka tba nnjm ' | 
daaiaian aboat tha mmmxiam. ^pamtlon or fim animbla inio m a tionj 
idMMt tba iaatal. Ilia ia oaaaa of aariy tbraatmad abartian* Xm 
n taboar men aaam of fmlonfad Iidiear , iaotal. diataaaa, 
flaaantal, aanfilaatlona or braacdi fraamtatian aan''lMi''«taamd 
tetar* b nailmi saaaaridiar niebt alao find 4t aaoM. far 
ata%iai tba ^^a«aiMibt'^'''Oi 'tnriaiMi ^Bifa»: inddo atiana . ^m''';fayMla-^ 

attnaiti an tb# faataa* 



tlMi imm tlui 

idnaoninal imll. ctoatain a ii»ak slfaal ^ a raSUitlval.y 

,8tsmi9 aatasaaS, Iwart: sipial. aad i^msldUnrabia aoiaa* 

. CSctoasicHoaliy * foaftal, signal to hoIjhi tatlo is so poor 
tiuit Vbm ptmmumm of tlia ioatal signal oaawot hm ' ' 

‘ astablisMt frosi oara:fal risaal analysis of a rsooriod 
signal* Ao sitnation is partionlarly Imi 4 .dNuriag labosar idSsn 
. fsascralar aotiirity aMs noro noisa or darlag oarly prsgnaBfOy 
Wi«a tba iostal lisart signal is wme^ soalcar* Many sonwass 
fenr snh»ieing tliO' quality of foatal signals acmiMhtm to tbs 
diagaostiatian liava iMsaa triad* ' Only raoaatly , bowavar « tlooa^ 
tbS' nsa' of ' oobamit averaging taelmigoas * bas. wi i o proyo n aat 
' In tha '^pality of foatal signal saffloimit for c^bsarvation of 
its' tma wktara ' (witbmt 'Mm ^bsanring aoisal hmm 'aabiasad* 

;ffaa .nala aln of tba soi^ paeasMitad in tliii tbasis In 
to aeliiaaa a slgaifloant la^ roirsmawt la tlia astbod of da t a et lo w 
of Idia foatal aoigpiaiiso* Omm tba mmsammm ara aoaarataly 
^dataetad ^ tba prasaatly amilabla mO^OmA asaragiag s o iia a as 
Mn fias ns a usmT' fMorfaet. awb a noa nant* ^ ibis tbo«t4 Isni to 
a nora pmoijNi prsnatal dia gnos is of tba foatal bowrt 

M 'Jib M nUbMlia' 

WfWW 1 $ 

' tbs; ■isqoiid^'^iapt^' ^daals nitb .tits^basiss mi a@6, a 
datailad stady of tba al^nl that aa gat, tba daoirad 



mufSt mximm MitiiQfds tba wmm» 1%* #Miipi «€ 

MmXog DutAtHtioa Sy»tmi is ia eSisp^r S aaS tbs 

Giigitsl Sifasl SidiiiacMMiiiit tifst^ is cmsidlscsil ia tlMi 
iowetli steptsor* Chapters S max& € Sisdl sitk tlkii «»ttts3. 
sixaiii'fe 4ssoxrifit..ijSiis of ^abrnmm ism siiitSf xmspsotdvsiSf* 
WiMuiltt if* disottss tlis siptal siiralstioii sad 

stoiESftt tl^r tsstis 9 l ia dipissr 7. 



C^ptAT « 2 

ipfKmBM svscxfm»sim axm muumm 

■ ■ . Wmitmm nostsidUnriiig ftfa* 4 tttalls of fUC® oiidi tlko 
oaliiUMioMMit mitliodo "I 2«t mm ooto m imw zolovaat; foiat* iitioitfe 
«». wos ia foiMksal. 

2*1 V81 nxCfllOCiJID 

' IPLootriool' fOtOBtiftio ' oxist oexoss tlio^ «iiinii 2 opli»f 
MwtilnniMio mi XMmq <Mi2is wnS wamf oolls Ihivo Urn aliililtf IN» 
pcopo^ftto « mhtmgm in tluimi potoatialo* Wmxmm \ nnoolo toA 
^Imid oolio ogidiiMt {^n»ioaMaon» Wsmt rnwh n ooU. soopcMMUi 
to m atlmiiits ^ tlw iMMlifWBo potontini ositiliito m oocioo of 
fwporsitio ii^yraiPMi wliiGdi mem ealloA tlio Aotion PotmtliiSji* 
flM amoio ooilo ioeniiif tto tmurt*o fun^ii^ olonlNnro 90 
ttoonft ttoin oeittmnPtion mm& soinnation ofolo « iiidM^ 
v^mito In tlio oisondMttion of I^l^io^* fbooo ooUUi xoopenA 
to n oontiaMMio otlnoino 9«iM«ot^ % ttio pnooiMlMir aoio ^ 
tbo olMMitninl aodo* ttio stlanlno not only 90m. ttamft 
noU. iofinni mmmmU potto to tto tonrt eoUo tnt 0S.110 
pN^pofotoo mmf imm te loMort., ^tsoni^ ttM hoAf tioonoo 
oaA nop IM Mootof tjp using n poiir of olootnodos nttooiioa to 
tlM akin mmpimm m Vm to%# iiootanoonAIOffan Is tiM plot 
iifftirontinl soitnpi totnoon mm mrnm olooiso^. . 

9m ilognoslo of lionvt oonAitlon tf oonpontson of 
»ef*n '^'tto maymrnmAm positions t#o tosn ■s t on f o tf Is o i# Wm ■■■ 



sight «Bk3Ui is tlvmym to tho myrntm gxxmuA tmS. - 

tits €i£iiXflaitiai tpoitago ihm tm of tiio fortioiilAir 

»iao |»o«itloiis (six on tHo ohost , 9m& ono mnah on tlm 
vi^t .ajn f ttm loft am aM tkm loft ais^al is talsaii* flio 
mvofosn of a laoxmhl raatii^gr WCXt diffaxs fxon iKmitlm to 
position* flia wBirafom for ona foil pariod in ‘fl position 
is idiowi in Pifora. 1 .i, ibis <sav«fom is |MirtiOiilar% 
stosn t«oa<iMio ttm aatamai and footai WXSQ's in tlio 
abdoninai sifnai liaoo a slaiiar sliapo, Vbis onsofom is 
mmmml'f rofscrod to as a oostplsa* A oeaqpiMK is' diiridod into 
f ivo portions md iaboUad as P , S S asd Y« la a 
oonOitst * vsfstf s to feta atrial, mtititv Ml to ^s 

oonprsssion'of tlw wnatriolas wad 9f to mlooition* Vts 
isoialsntris intaxval batsssn f cdH' ona o os g diaai a»i tta P «€ ' 
JMKKte INUPIaS DijpliQSJLSi WSMk 

iMMUrll HSillff W&9t % ]^ |y||||yf| inUfllfMUi 

&t> A 0 ^NlltMMn %Pww^ IlfeNI 

iStskudl^ikHiiuihiSissiMn dt asuiksadii fiS 'SiMsh % 'Stjftk d snUs *tss. iSS'SsIft aMia*ll ssAMiadll dVsswaSin dsilajin iSHiMritt'il an ssi'da 

all Wm alas i^andasd positions fvi to Vi ^ , IVPI* 

3l SSttMKIb SIMEhSyB 

an fiHi is tiis iC9i nitt tbs olaotsodss flaosd on 
ibdiMHi id a pmpisait orwiwm sdtar aiaosit Utli to 
Ifot aaiasldoil of. ^fostation* Hugala tba ipoaai 
iij dd iw o i a 'is plsood on thm ri|^ 'MyKl*« :' iositioas '«i thm ^ 




Figure 2.1: THE EGG COMPLEX 




Figure 2.2: A TYPICAL ABDOMINAL SIGNAL 



IMO aifflMi •l«crtiDO#iS hxm mlm hmm {if * 

mt uwxasiittr Wsm most mmmm nidliaa al«flt»e)4ii •p&rni.tiimm 

ISbm sif»a3l tibiaa oiitaiaad will ba < 9 imm hf 
aCtI • rC%J C*<t> ♦ fCfel nCt| J 

t 

alt) > f AbdtoBimaL alfaal. - 
ai|t) I Ctmpommit tram tiia aatainial baast 
' fit) ' t Paatal haaxt eaatrJtmtiaa 

aft) t AfiAitiaa noiaa aca^;x»»aat • wmMl^ amae^a aaiaa 
ta j ca ad aa aSaatciaafOfraa •*> wm latarfarmaa .t 
ayataa aofaa 

v|t) ' f Mi^tipliaatiaa aaiaa an^poaaat • mmiMlTf ^toa 
ta iMpaatbiaf IcMmaiata of How f^Mtaaaoiaa 
upto S Mi). 

liMM ttai avlaatatioa of tba fOataui laafda tba 
atasaa # tlia la^Kril^ of ioataH it paafc |aoai#iaic| aaf iba 
aaMi mr ofii^ita aa ^lat of tlia aatataaH ft foalt lo ow piaa ) • 
a rtfiotoli of a tfftiaal. abtalaai aiipal |wi^ alailay poHaaftlaal 

MM mpiM mm wm^mm mmmm 

fta aM^ tlia aigaaH la titoaa taaiaa aa . faHaiia i 
al liaiia.iMa ooaala i wm aataetloa % wa aaa iatwi^ai ia 
faaft laaala* ' tiaia imf ^aof ^paHitr aXaotaofa wtU fiwa tm |tv 
aa abofo of aatataal, ai^oaH 10 aV or aboaa of w^aa# 



fiNi ttmiml stfttal X«fV«iX wiXX ^xj naab oe Mm pmeixtA ' 

of tX} » £et maety pemgmmtf if 1« XO|i'f , 

it lisoxoasoo to iO - 70 Siiriaf X?t!i to 23»d iiookt it 
diopo 0oi«i Aeurinf tbo 30tb'%mi^ aad ^tariof it xmmim* to 
mppmxhmtmly X0O pir. 

bl Wxw^mway OoMiiii- t fbo boatiof e«to of a tammn hmmx% 
fXootaMitoo on laetli Itmg and short tom basis* Xt lias a 
pssiOlff‘*‘f>syiloiSio natnm $ tbs ds^rss of ths fXnotaaticats 
diffarittf fron oss sabiset to aaaitlisr* fbs boating rats o.aa 
at tbs aiost wmcy fmm 40 bi^ts par niatts fb*p«at.} to 300 b*p*ii« 
(3}* bOHSSt SAts isAioatss a ooni^ts twiart bXoob* Boifsvsr« 

In III! CM.Miii % In iI' f |i || % y| p| |^f , ipn%|| n^LUL b# iNilsiiiMA no bpn 

li# Jlxn li^pHi imd %i i s wtticy lisiKMMitt 1109 II& 

JiSQ llptt JlS IjPNlltirl * 

mi mijill H SlipMdl 'If WH ^ i n# 

ip^istesii !.■ of prlMi lifpdyMil. footsuS 

siowkll {9} o 9«4 Hi ^ iMMifliiiii otvfMitMNi' ii^lto 

SS Ml' o^p9£tMflo op9o 4S tti# Vomuip of X 

'lOfeini ' 'fO' ooMMMHi ES Hi Im 99 Mi ft w %it# 

ji'O Hi' w9 #9 Ml Mil' m onkiftO* hps oi^hMmI Huyi wB^mmJky 

Xis bstw ss s 0*3 ■• to 300 301* 

si «is VisM Bwwilii I s &i m iMbiXt 9m %%■ SMaanaX 

boat mts mt ft to •# 1^# ^tbs VQ tentiiii is 100 to ^Xlt m#' 

HWI i^rstiOMMi to idbost 300 to 200 »■ and Mm 89 damtlso is 



300 as* vmximm tlMt iftiumtieas torn m 
fCMitfti mmphm mm noit mm imiS, asialdisiMMi* ftui 10 i ¥ Hava* 
of m iootiiJL eoH^lwi mm Attanmtod <Smm to m f IXtoriag of foot of 
tlui tissiMi iopoiatiog t!io footas fzon tiMi idcia of tiMi 
aotomfil. mMixmm* flw QRS fitoQnsitioo i« mstmmS. iO wi 

aaS tho totoi oonpiojc ocwrapios afptoai»ito3:r ICO As 

xopostoC hy SMtkm snC Kisl» C3| Imiss wi4tA of R mem 
mximm tmm 2i im to 40 as with tlMi piirioC of f^atation 
C3@ aoaics to tomi* 

3 # 3 ffiOBE &AC3SCS A]iiOBI3i li OB ^ BB3llf ARO OOC^SOiOiA CC3DBSSAC 

A oasClolofist aoaiC lileo to hmem m OM-AlllB IsstnoMMRt 
gisisf m ^om fcMsA oo a stsiR Olsst mmm^Simat, lost Ailio 

im IMIlUw mmm WmmM WmmImjLM ZWJwUpP MlUJuiMli dm pd^wJidSIK 

aooplsf Ws Is oiaC so soif — imlao possitAo 

solot.loiis*. Ai tswo to Aoftl. ifi^ m siipasl. Atlsii is ponoio* 
fosioilo »m& is totsiiy siisimpiod la aoisa aost of tto tiaMi* 
to atto tlia aattcnrs aosaa ^ stfaai is alaod op tfitt aaotlwr 

AiMyMit. aiAaimiI. ^ IkmM ^ 

aiWilWIIIIiAPnl^^ siP' oIPaW Apfpimp' ^|p pip^ipii^ap^ fPP" samaao^aaiari^ipwwiajilP^ gp 

itaipaaf opaoteai ^of tiai aoiso mm& tlia sipuii aao o easi i pwiiiiy 
omisiflaf* ita eait pmtio p s ^p t ty Him aifaal lias is tliat 
^tlp ooajtiPiwi 'iftii tMsa -soai^y tta mmm iPapo » pawriCaa tiw 
pPiOKi^' '1100100 PPa%« A* salt to fat tii of'' Ako oAAtiMiaf 
:ao|so aa ICmi oeiqpiaaaa oittoat iiatoatlsf IMto aiwAO* Hiis ' 


is ail mta&st aaoasaity siaea ail ti^ ial^ziuitlm tisit is 
soagtit: a£t«r is esotaiasd in tliei msnrssliaiMi of tbs oosq^Untss* 
flMt only way to aoiawspiiSb this is tlis (^^xsiit t iss t awava^ia# 
of tlM> ocniiiisBMsa. ColwixwBit tilts asszagiii^ of . a ssystitivs 
icsai-tiais sifoai mmsists in storinf samiiXss of tits sifnai 
ia a sMssairy ^aad tliwt a4ilji9 (wi^ paatienlar wsifbtafssl tbs 
ymXmm of tiis oossssiiaadiiag saffipiss » i^iioii airs sqaMistaat ia 
tiais fsoa a isuetioalar rafsr«»es. This *sfs«?®»B» poJat anst 
bs la tbs aost pesaiiasat {lart of tJbs slgaal. ' its aocs sad 
isoas oooq^sanis ass iasiaisd ia awasags « aoiss , bslag 

saaioa ia aatass tsili sioidy fst osBOSiXsa oat aad tbs awssagsA 

ooaq^isii wiii ignpsaor ao«s aaf aoss oisaa* fbs satsat to s i tio b . 
tbs aigaai to aelas satio gats sabaaosd by this pcoesss win 
aaialy 4spsai liMai tbs oohsssaos of avasagiogt i*s. | 

aosaga oy la witb iribiati tbs ssfatsaaa gi^bit oa sai^ s a a pi sa 
is astsotsi* fbas fos p mt i ma t oohsisaos wa assd pssfsot iotas- 
tioa of ssiii mtiA .owwy aosgriUa, flaw , tbs ga obisa owMiiots of 
iistiast pasts ^ csai ^ iiolsstasa Poiat bstsatloa ssui tbs 
stbss sf iBbsassasat* 

; tnbsaiTtTiiwt sf tbs sos^isa siw ..bs isos .sltbpr iigitai 
tsslsiigss s* by. saidisg. ^'tsPaiiipis* . ■ 9m ^ ..i^gaai :Sf 'Owt latsssst 
. :bos ' :ist ^a '"awry loo sispstitloa ai^- #, tbs •sbi.ssiosst. ■ , lofsioa 

imsilssis ^ adyULisasas^ msasly, if oa gs «is 

Mwlog mr , It oill bs basi ts iaplsa n ffit . • . 

, ' '■ , ' ^ , ' ' : ' ' ' ' ' ' ' ' ' ' ' , ' , ' 



wsilt mm tlMk wiEi a mrixmm temsmmty dU.stM»rticMi 

of tim signal.* ^e^arofmni , vm rosort to tbo digital astiiod , 
iilu»ini delaying of a signal is not wemh of a f«oblan and 
ftognanoy distorticnt is aiaiaam* 

lot as wmt look into tlm pcdbloa of HafocaooNi Point 
Dstaoticai. Xn an^ B€^ oonplsoi: , tlw part tliat olsarif* stands 
oat is its R ifBStt. poak point of tJba R aami is tkas tka 

snridsnt otioiiis for tko rsfsrsnoe point* In dUitsoting tits 
ooKpIsatss as anst piok iqp onip titoss eosqplsacss tJbat ars not 
sagalfsd Tof a aatmaal ooaqplox* Its antsmal IDS is a strong 
signki auyu it inuaaot 1 m disrsgardsd as' noiss* Rs tlis fostal 
iMst rats is aif iHtlly s oi ti> |.s tt** satomal boat rats ^ as Mipsst 
to ast oaits a »«—***»> of sasdt fostal ocmsoIsicss for a fastsr 

.AUjiMssas. ^M., Hits iismii ism ipiNiSMpi immmi lihii 

ftsr tbis dsisotioR as esa smIm ass of ^Im prfqpiSftisMi 
9 m tbo sigMii in ssppxjtass ^ rrsgpMSMiy anr tia m oosaLSa* iis 
tbtsi ofM by ons* 

Xf as atillns 4dis sigplitads donala. p rep s rt iss' si tbs 
slganlf - stbsas tarns oat to bs pssti^ siai^* fla aMtIy 
dilNEstant fssk laasls of tbs R aavss of amtsmsl and issisi . 
osapIsiBSs ars ssnssd ty tao VbaemmMM oenysrators and tbs 
awilstiwbsi :iostidi 'oom^Lsass srs pi^Md oat 'by mmm ^ 
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pMili; Tmimt mafli oim t&tts be xeliebXy deteoted irit^ m 

ttoenO^M mm^mmtoxrn Bet the eeceessltgf of the foetal. B eaves 
also goJL^ above tbe peak level of tbe aoise ia^ses a sarloas 
amstriotioa on tbe period (of testatioal in eblob tbis sobeae 
oaa be ttaad. So order to separate tbe foetal it peaks § 3 C^ 
noise peaks it is reqpaired that tbs Itetal sifaal to aoiss 
ratio ba above 1«S. Tbas ee drop tlsi tbresbold deteetioa 

SCdMMMI* 


Wa eaa aeka aae of tbe approxiaate ptrarlodieltjf of 
MNI aifiials to tbs dsteet tbe eoa^lssass with tlm Iwip of a 
pbasa locked loop. Siaee we have two periodio signals 
alaed ap we beve to asa two sapaxate Mill's to look witb tbaa* 

If tbe ONMifMeadta sipiai is isd to tbs foetal WtJU direetl|r# 
we oaB' a ever eldest it to to tiui foetal si^sel tba 

'e* liieiraal sioaal is so a-iidi saiteaaal t te foetal 

eifnal fke^faeastf speotira axe totally 1 ay p i ay » m eaas 

of %fce twIiitiiTiei Mil ^ we easily -sopaxata tbe imstir 'pmctiosMi 
mm Wv WmmtSBmtm H mmwrnm mim wMI WMm' Wm sM9m VIMI Wmmm IpHp 

1P@f eaii' ^bS' aside' sawi of^ to psodese aatsoael wiadews 

wlMI '4 MpW|PA up PMW i' PmPP mBm ■mwwmf fMwPPMNIb ' ^ Wmrn' 

oifOai ooi BOW BO eppiJaa to wae - loeiei i wmmm ■warn wim aoea 
^aaiowtioMto part of ^bis blaakint ppoeeee is tb^ it isowrial^y 
■» * *—*« »'" i Ssas at Isast a*»**^* ia trjhrnas _ fbie soMilts 

§m Mkiat Wm foetal sipBid. sMufly 'ipseiodie i»ieipaetim of 
wbeidiMr- it- - to- orijiBally pMrlodie 'oeaot* it woi^ be'''aiMif " 
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4iffi0iilt '&x mvwm iapossiM* tao miiSm a WMt Imk to •anli • 
ttifiial. iRmm mm mmm minoc (amlatlvoly) difficraltias alaoji. 
lilui tlia WM»*m atlioald taa in a JUxDead camditioti slamltaaa** 
Mtaly# lR»ia ia aaiaaeiaily tiard to asiiiava dorlof laboar idimi 
botb tlia wmtmmmX aad foatal boat mmm floataata - 

iSmmly and tliat too in mxf m^xt iatorvala of tiiMi* If 
tluiaa 'fliiotiiatloaa load to imltipla tuuenoalo loolclaf of Wm 
aatoxaal mj* tboa wmm of tba nataxaal oonplmnia will ba lot 
Iji1h» tba foatal Wd* and tiha o^^itoia will nawar wosii* laatly, 
tlia vatiatlowt' la tlia i^aa aszcHt of tba foatal fUi will 
dxaatloaUf affaet tlia o^tamoa of amaf iii9 a»d baaoa tlia 
laality and apaad of lo^aamaat. altmatiwalf « ooa mmm 
tblak of tlM fiiHid-dala? tiaa taaia antooeavalatioa tai^i^ 
for tlia dataotioa. sat liara aoaia aiailar tlaa doaala 
p KOf^ art iaa at ^la two ao i p l w i a a fOrea aa to blmt tba 
aataxaal aifaal , tlwi rawwltMit aparlodlailgr of tiai foatal 
aifaal aaldtei tha fiaai«dalay a atooag r a latioa iio^oaoibla to 
'aaa. flimiora aiaoa nataraal hlmMm ^ a aawoid^^ ; wm of 
mtf Mrtiaiiio wliiaai iMadea ea ^ faModia mmm of tta aifaal 
ia aat mMaMm. m mtm to ^etraat a aiaaal fm aaiaa« 
a aaaalaff tfcat tta ai^pal ia ^parlodSa# Hiaa wa ara laft wdt^ 
tlM' aalf ttei da ii oia gr of o a rty of tbS' a^paalt aUli^ • dii i dsiaf alaiMMi 
it 'liNMi' tta waaaaliapa of tha rnmffXmmrnm mm, 

'm lafiaaUy tiofa ta a apwial ^r»o ^toawwalatlaa ■- ^t 
ia tta iittilMd’ «• Mmemm tMLa ia «mtar d^aU 

4ii». ’ -iiiAiiii;" <iMii^iidbiiih ^ ' 

ip li pPi ^ l i PBw Pl i r' ■■ 'liPfppPIPlP^ ' ^ 



a.4 IBS mmmm wnimn. 

A filter ia a speoial kiad of filtar idutok ia 

iHitelM^ to a fMuetloolJue tiavafotna , @0 tliat , idvm aaoli a aava-* 
fo*» apfMMm at its input with molm it fivas a siKaifioaiit 
^iapfovamant in tta signal to aol^ i»ti©* In othsif soxds « 
it gisas an ii^limtion at tlia ontpot ia tlm fo»a of a 
datoot imisa liaviag a largo poak aa^litidte ia ocaapariiraa 'to 
noioo , i^teoaovor tlio wKvmMQtm to oliioli. it is aotoliod , ai^poars 
at t^ . infNit. flio mteliing OE^itios rogniros tiiat tto 
Sapaiso rospOBSo of tlio aatoliod f iltor shoald to tto tiaio 
iavorao of tlio oairoforai to idtioli it is aaiMod. Boo tto 
iroalisaliilit^f o«Huliti<ms of a filtor fowsi ns to pnt a dolay 
in tliis nal^iag. fliia dsla^r appsors as tiM dola^' iNidEifosa 
Wm mnNifocn apponriag at tlio inpit of .tlw filtor oni Wm 
do^ot pilso apfoarlaf at tto ontpot. ftis do^otioo dolay 
is tlio pKOporty of IdM filtor «, siaoo it is colatsd to itm 
ii^pilss soppmso m»A is lad^p^doat of tlis frognostr doosia 
pN^ortios of Wbm signal* ftiis tts aatMisd filtw xo^ponds 
'to tiio wnpoiatn : isxospsotits of its rp^titlon rats , pemiOmA 
'tiiat' tiMi ont p n t' pnlso fsnsratoi liy ono. wtvoieni ' sottiM to 
.aSmost IMMO nnliis toioro tto mmuM oanoftwa appoars* {Mmsi 
. tidyatoi to mm toms » tto nateMI filter nill aot.^optraiMi 
''tofond a boat" rata of 400 Mls is alaost donlilo tto 

arnttensi ftosittng rata of a lHMSft*| 

' i Wiio Mitatod filtor toointigno ia sort of a*flnod 



IS 


cifBal ia eeartftlatttd is issiis Idte awtolMid fiitsar* 

Us socmsr tlis% purtiemlaar mvsfozia st tlis inpst. tJbs 

»sts<tlMi4 fiilatr prsssmts mt %ritli am imdieatim stiidli is soxs 
to !>• pix0m& mp* 

tliiis aftttr th« aa ts arnal biamldaf vm apply tlio sigaal 
to tiMi stttolisd tutor ami its orntpot is tlumi^ld dotootoA 
ai^ t^Miii post lAstootoa to gat tiui oortsir tor oeidiuiimsonomt* flio 
^tooticsi daisy chui hm aasily ocaifNmsatsd by a idUft ragistwr 
of sppcpprlsta Isimrtb oeoa s^asl is^ digitisad* h smtebad 
filtar aaa Idnia sUaa oar dataotioa pp^blaa* 

y wd' sndPittMtii dctndts 

JUi tar as Ilia g aa ai psti i oa ot sattsmal blasting wimdoirai 
is mmmmtmAt ws do mot baaa tba aolsa «a;SaetioB peablasi* Wumm 

'dilbBftalik. HyUdMi di^ V 4B JMd w v dniidia vLyshiii- dlil A 

wW IPIviOPM* '^|P0iWPPpyi'lJl|F jraJI»Pti9 |MMr| ^QIMPpBIWPil 

%itai It pin il t# b(fi ttMdH $M ff fwt J'lfflwH fc li^wi fri U te i i n 

iiHiWir aiii dullin' tania 'jw MMkdHb^ di^ V nasiMbi^ «i dMikidHHd as-sO M ilrlUKllMBHw 

IMnUiMM Wm Wtmm IHnWEIMtJt « 

Waittf tliia aatiiod aa o«i raliably blaidi aa«di aad owary aataraat 
osaplait § al.t** * *** ^ ** at tiaas tbS' sataiEiial pwiad ' Uastaataa 
tba aiiili of Idw blaabliig oiadoir lUgikt bsoot a bit imbo tbam 

rnrn mmm -mmm - 'd U Pii itiiMi ijl itlnii; 

PWIPPP. ' lllP'iPiPHpil .liPlfSIip^'^w- ■ \'mi\ lannp; 

j;r^ iiliOtii liiiiiiiiiiririfl^iiii -mbilillliii iMthti-' -im'iiiiii iJIkr •(iiy' liiiiaH' . . 

IOm|^m^R ^ ^wl^BplKlBPBiBEwF ^ 
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' 0mp*mx - S ■ ■ 

.QBSIOR or TSBt MSaXdSG lWtM!!TI€KS SCBSOM , ' ^ 

.JIftewr tm tlie itotaciticsn mdMmo la tba piavlcma 

aiuiptaffir , mt a«a aoif daeidia i»i t3m ipariotta blacks tliat. axa 
aaaiaA far proaasaiaf tba aigaal. mm l»3a«lK dlafcaa ia fdama 
la riifttva' J*!. Visat aa will heimtX^ oonsldair tlia swpJjadl 
lilaeka aad tfeMm dllacmas a^oat afMtoifiaatiaaa af aaali' 
blaale. '' 


■ . , , inm iaipn» i>a a aAj^wea aa ia* . aitifaaA aaaaii^^ a sair 

alaica^aal^s a€ fwiaTf a^pll^aSa alt aa lapidiiffiaa XaviA af laDUffwl 
baaicai itlla*dtaa»' fla tba tcaat aad af aait trUUl ba a 
bl|$i«*^pla Mtfh tapffit lim^adHitrrn BWfSXBBKM BXB^iO^WKB, baviaff a 

vSKSWWIKmU UftpVl^ MMS Ml MlWW a w&Wpmmm wmmM QVPGLpiBii MM 

M to tiia tomaoib emmmam to fat ttia.»atanMai apMtaa* 
aisiaf pilaaa* ftaaa 'fuljiaa ai^ toa aifaal. axa ftoaa to toa 
itettoaal llatolat #l3eaait« vto eatoto af toto 
mmaam'emmw ia aaq^lfiafl if satotaaA «to toaa 'ai^iai to 
toa MKoeiKt ram* '" tapaatliNr toaa toa fataait^'af 'toa ''toatoi 
i 9 aaii,.,"altoar ''toa'-aatoto af toa wattoad fiitiHr "ai' toto m 
ita lamtoi aralaa ia M to toa mmm Mm wmM mmetmu 
m imrnmMm , jNHit toa paaaaaaa af toa toatoi. aifaai $m aat 
toa .baat aatof «a .aaa toa« toa totoat faiaaa laatoast af toa . 
vato iatoatoirl to’toiaa a Mm raffias ima te aiaato 
toaisatiaa , aaS a totom.' toa aaiia iaSlatoiaa* ' fiiia ia 










it 


MMMitiBUis imlwiKUi ill that it -fi-waa awiihia mriMmmm 

to tho axpiotiait awtliara that har irogiiaiiey is ooatiamlAf 
aatiaiaotorliy, aapaoiaiiy ia oaaa of laitlaata ^ havo 
mif fasot in thoir pronrione prafamey, 

fha tataot piiaa aa4 tha MR36 aipuii afta» nattciiai 
hiaakin^ idU thns fc»aa tha cmtpata of over aita3^ anit* fhaaa 
aifBaia am ha ca^nixad for tlw digital aigaai aahaaaawiot* 

Ha «m aoif diaoiiaa tita ragaisaaiHata of aaoh hio«A:« 

s.i fSE mmmmam mmxrwm 

Ha am oooaidar ita afooif iaaitiona ata^ by atop# 
la) tha diffanMitiai gaint Hith xaiacaaea to data ia iao»i*t|a| 
aa mnaaily gat a mmtmmml m paak iaoal ' of 0.1 «r with good 
aiiwar alaotsodaa and mu alaotrt^yta paata to 'tadaea tha akin 
laaiatHiea* tinea tha Matamid. s paak haa tha hlfhaat aagplitada 
ia oar aigaai it ^loaid raaoh tha paak at tha ootpat far 
optlawi aaa of tha dfaaatia raaga of tha Mpiif iar. ' If wa aaa 
o it woita M 'tha' poaar si^^iaa ^ wa idioaid hawa a gala of 
ltd dt to gat a k paak of id wedta at 'tho oatgot* ka tha iir^pat 
liyifci. i aa a i wiki ’ dil^ior oaa Mhlaot to ' wo 'tdii 

ikMmp) gaia waritl^a » g i et —ig i#^.^ 

fPf, miil< f wHii Ui IPivVStIMI , 

oa t ha ' ^akia •aifah aa a plaiiad ay hg aatai 
aiaatcadia ia a * awta a* w tui tha akia#- wi»fa aaatHMit haa to ho ' ' 
'aa pNMPiaaa aa peaa aaiMa. aO' wiaiw mai j agwiaaiiaa smwmA. wm awp axgaaa 
ia low* /Umi motali ahaai d ha a good af a t d a a ' io r of adaotrloitg 



■ifith mxm, siiirwr •l«ert*od«« « 3 t» •© 

tlmt tlw loss of softHaMHfe 4»s to rastiag 1» awoifiod* *o 
lAiooM sons la bstsfa^wi isba sloelsrois tlM sKda* la 
olsotsolyts fasts is rabbad oo tso IdSs stla sad tlisa tbs 
slsotxods is %is& oil It vim a ifai^>sr sttap . tlis slsstsoiarts 
foss iato tiss fCMfss off tbs skia itoioli ismtmkmm Its sowfeisti- 
iftty sad also aalcsa m b ea ofsa soos ooatMit sitb tlM slsotsods* 
mm slsstxolyts stoald fas of a typa that is miitsd m tbs 

Witb ail ttsis fasea^feioos €mmi is abia to s!s*iwi tbs 
slao^mds mistaaot t» s fsir Imadcsds of lcilo-*sl»w* *bs 
iafot iaiisdam of mm aa^illfisr siKsild tlistsim bs of tlis 
oedst of 10 asfB^Nsi or saws* as ad ai tl oa to tMat tbs 
asidiiisr bas adso fot to bass a lot oatjMtt Itp s daaa wi aai a^ 
mau 

<a) fba paMi baad f Pa tisr to xsdaaa tba aoiaa aa aasii as 
foaalbis by fcasplap a aiaipoi passbaad* tbs Sot frsqasw 
besaliilaf .spIsp fsaa ppto i ®* 'sWlSs fa a dws s i t t ai itag amalas ' 

4 ^ aatsiaai «Pl ispiai olpssia aas pssatpr «pa i Pi 
(nsf. iso* t*tb|. 0m mm bi^ ffs^psaoy sids» tbs ppsotaoa 
of tbs IPO® aysipial ' aatowAs op to tOO is* 1 rsassasblo 

of tba fosa baai io tbi» i » *•* **• ' tpfsr ■ 
sotoff is aiflPfijsaliy odicMpa to opfb tbs taaiaBOy €»f oaoiliatioa 

of tba hifb «ai« aispaillwr# 



3*2 iiim!m;i emmmson 


our iiifaai tlM wmtmemtX M ptaks mnl& 90 bi^foa^ 

19 iK>lt8 Imilass olif^ m» to %«illo tlso footal 

1 poaka and noisa would ba in tlm zanpi of 1 to 4 woltn 
at tba aoat* CHaotioda poaltioas oan ba adjwitad to tat 
tbla aitiiatiott if catnljrad.) ftia olin^iaf laaal ikoald ba 
aw^ that tba MSF*a ba wi^ anonik «o tbat winliwgi 
l9 iwpiixad to tmxmta tba im*s. at tba mmm tiva tba lawal 
abOQld not ba ao low tbat anir tbinf^ otbar tin» nataennl m pmikM 
will ba aanaad. fbaa wa baap-tha ooa^ariaon laval aieoiiad € wobta 
adjnatnbla with n trianar* TUm ooopanntor ikoold bnaa anoagb 
byataniaia ao tbat tba ovaxiridiat neniaa , if nny* » €m tba aotucanl 
K'paafca anf not pxodaoa anltipla ayaidMonininf pukaaa* 


3*3 tmi MIAniWIb agnwwTMMa |•a3|C!d!ll^ 

^fba ftaaotlon of thia ajobwaa ia to «tptnd a w agy mnf 
on both tba. aidaa m tbat tba ai^ifieaat pairt of ' tba nataaaal 


•inq^laK t naiaiy dbd t oaa ba blaabad, iraanlly $ w 9 9 aaotioaa 


9^ H' II mii tilLlJL SWtaCMi oil 

A t ii p|||h|i| '^WW&$ H mP iHltUf f ' 

SOilipll# ' lilMlO Ml f# f 4i0 A li iPoiLO 

aeniMintwir iaval aa tdll tat axoniii €9 to 99 an addo* 

fbo 0ti ^M eat io n liiaf* 8oe«3«3o|' ia 149 to 399 ao' wido* io 

MS9lt*a bo at I mat 399 aa wido ayaatkaiO' matad am *#,* 



Oe^MiMifinaUly ^ mifht Torn to ttlmsSk tbs T mmt olm» 

ilms an SM&&pmix&&nt mdiwtammt of tlia «i 90 and tba 

tacmiiiag adfa of MBW^a la daaixoS* Vbia mixomlt. amst imtm 
Momm fona of mmmry as 1% aaeda to aatioijpato tdMi foaltlon 
of tba iiiP*a la oieiav to fom tlia laaflia^ adga of tlM fOHf'a* 

Flfova 3*2 ahowa tba soImhbo in fnU. ^tall* Wa ataam 
tba infoimatioa of om pirlod andi naa it to antioi|0«9a tiio 
pmiition of iMoct palao^ Pox’ tbia wm wmoM to oowaiort tiMi 
to voitafa ifitb a Xijtumr ornoopm flio aoltafo'v'oaa Iw amplodl 
witb fim iMiiT* of tmA liaid till fiia aant NiP oomoo» la. ^ 
mm mmb aanfiio, mtb tlm hoi^ of two ooat p M s atora (C^ § 
two attaamatora (m § y} and an Oft ^ata wa e«i fmweato tba 
im. X will eontsoi mm laadixf oifo and y , tba txaHii^ 
odfo* Xo iMtlxdo tba ixnp in tba iapiita of tbm om aa a j; 

pcaoaxtioii, fta diacdmafo yaSoa MdPl} ^aonid bo jnat mmmitk I 

! 

wida ao liiat tlia mymmlrnm C Im diaobaxiod meorn mm naxIaMn I 

I 

waina &t*y* to aaso wadta* lira it nay ^i^iaot tba ilnaaxil^ ' | 

of tlna to ra^tofo tmmmmiom* «ia aaiaaa of x rad y larat i fifng I 
iinad, tba wldib of mi wW. laoaoara iinaraiy 'tba .inraaaaa 
In mm vaariod# mm da% myeXm of tba b ira bad wmm algaai > 
fTf ^n^n oenatrat* mra wa aat ^ mi wldtb to tba nlntxwn ^ 
ta^piirad raira and wbra tba antrainai pxrlod 
tiiiten ii^^ lilt bm* «*S aae4. tliia lUl gnacraiaa tbm 
blra^dbNT mi®* md araty ratraiMii orai^ 



Blk.I'ECG 

Figure 3.2: THE MATERIAL BLAITEIEG SCHEME. 
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1.4 irat WZllSXM 

9ls« of auiluslioi £ilt»rm in ijoito mill icmoPMii* 

Bymntmr , tJtm irolomuEit pexetimm of tim aaam mxm mmmmeimmi 
in ApiMiadix Jdl, 

Hooli of ttw todiw of fllt«Ht dUmifs lios Immo oliboiao* 
tod la^ tlio oxoolloitt work of aovoral eoiitriinttor* kovo 
tsbalatod oloMst woliiow , polo loookiooo ^ polynooiol 
oooffioionl^ oni otlMor porkiiioiit dkioiga dmtm for Mmorol 
o cwiiW Mi tioool kypoo of fillawo. Hooiorocw oaA loiit* Imwo 
pobliiilkod {7} traosimt roopoooos for ocnmi of tko otaadorf 
typoB of filkmra , plottod on klio IWf iS9 ocnq^ntor. Slaeo wo 
am mmhim a f Utor liawliif a apodif lo iaq^oloo wmmpomm 
it wmM bo workinrtiilo «o bam a lo(^ into tSmm ploto* 

If wo oiart ooart^dLng for a filter bawint an imnloo 
moponm moairiblinf Ctiiio .iamroo of tQUffl » wo will 

nood anoniaf of two lapoloo roopoaooo |1« * Wl wil* a dolaf 
of bmdmdo of adUioooaiido. mo ia mdomably a to«#i 
•nidi an onaot natobiaf in not roaHy iooirod #1 jioo, tbo tino 
dnrationo aai wawMla^ of tto ooaplaw am •w wwqr a 

littlo bit imo ono foomo to ano^mr* m otbor woria , mm 
aatobod f iltor mold ham moo^ tolomaoo to oabaaoo a 
mmtm InmoI ^ of wamObapm •jramtrlo ammd 1^ inp^loo mopo no o * 
fhoo wo aoomi tfeat a ooaploa onoontially oonoiota of only wm 
^phrt fi boiiiy tbo imtt inpmtmtl aai ooamb for a f iltor 
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Haetiiaig an immpemam raaaa^iiiif l^. Ciaarly# tt&ls iJi 

a io«F. pa«» inpaisa xaspoam* tlui R paak is a 

sywHiatrie faiaa , Ithas laokiaf at tlwi siiapis of ttia first paak 
ia tlM Inpaisa raspoasaa of Battamortli # Chaksfslias m& Bassai 
filtara of first too oxdmtm^ wa otoosa a oriar ioa pass 
filtmr* ffia first •-paak savasliaiias of first iduraa cnedars 
ara t ota ii y aiyssstgitciii 

Us mmt oaiy is»s oyoia of riipia (Q * f ) aftar tbm 
first paak* fiwttwewMftli gi'vss t*o , easm^t^mr f iraa tkraa <w 
SKira sad Bassai yisas »ooa. ^ittiartiortk filtar sassw to bm 
olosast to oar raipirassat, C5oiis.l^teriaf tka sii^ioity ia 
kardsara wa salaot a 4tli mnlar Bottmortli fillMir as oar 
aat^Md fill^» rifara ».» Okows mm ptot of tka ii^palsa 
raspoasa sad fipara 1*4 ^ tks polo looatioas of oar aatediad 
filtar. 

».4.1 fbm Braak fra^paaoyi 

Us Hast now fiad tlia Iseaak fka^asaey of mm filtar* 
flM i^Epalsa raipoosa' i^Lots nra aanatliai^ witli rM^paat to kotk 
a^plitads sad tiaa* Wm do oot kotkMr Obcwit tiia nt^itada 

or iii^aiiMioa swULiat aiaoa wa ara ■■foiaf to aaa aotiwa 

fiitars* 

isit %lt> aad «^<tl ko tka lopalaa raspoasas af tka 
filter mA tka praotMi MiMmt, rai^aotiwalf i 


# 



t secw 


r/ 3.5 

0*i^: 

5 10 15 20 25 

Figure 3.3; PLOT OF TIIE IMPULSE RESPONSE OF THE 4TH 



Figure 3.4; POLE LOCATIONS OF THE MATCHED 
FILTER. 



aiuS OqCsI hm tlwiJjr taraasfw »»spe®l:iwly 

*•© tawwii fxmepmmfTf of tiui ptaotlcal. filtair. HHm 
aoxiuiiimMl £i!lt«r INia a aiiit: aagolar oatof f trwjmmtf and 
wait iitpi^tajMsa laval. fhas * 

%ta} » »} 

«a^ WoCt) « <*o/»o^ 

Wa win luKva tso soaoaia tba alma axia a factor SiniMi 

R IMMak la tlCMi aoat peoadaaat part of a ofsaq^Iax , wa ami ita 
bara widtii mm a aatoliia^ oritarJUm* Rafmrriag to lN«i« 3*3e 
wa aota that tlio awasaiga baaa widtli of a footal R paak^ 
ooaaldariiif tfew wariatloa wltk tho paricNl of peatatioof ia 
S4 adiniaaooada* fto firat pmdi baaa wldtli of tka maaiallaad 
fiitor aa aaaaarad em tiai plot {Flfara 1.31 ia S,7$ mma* 
fliaa# ' 

^ ti.fi/M) X 19^ « kCl.S wpm* 

S*4«2 flia Mmrtimak Oalayi 

katmi'aa tw# fy aitia) ani 'tta firat poak of tka iaqpaiaa rmipQiiaa* 
Aa mmmmtmA m tka plot# it ia i*i aaaa* Af^r rmwailim 

A • 9«i a ..Jfl-. a it aai* 

♦ f* ' 

fkia ' ia 'tka a i ^aa to A iaiay bm^mm tka poak poiat of tka oai^t 
paiaa aai tka paak poiat of tka A^ wava of a ioatai o aa p l o a*' ' 
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As mm xMiUlisti tbis fiilMir with two wmeomSi. owSmat 

filters Iji oaisoiiift* llith x^foifsiio® to Wiqaxm 3*4ir tli« qwiitir 
faotors of tho two filtoim auto Oj^ » 0.$ sadi X»3S« 

3,9 diipm Mm mmx mirEcmm 

■ Simm tho output sigaai lowol of tho aatohodi flltor 
will, vmxy with tho footsi si^maX stroagth at tho input » tha 
XufuX of tho oiipfMur wiXX ^wu to bo adjuotod 
oa^onrlataitaXXy* its foaotiou is to oXip tho baso noioo aui 
ENnniit oaij tho hif^ot poalco in tho uatohi^ filtor output 
to go in for poi^ 4otoetiou« fho poak Aotootmr oixuuit iheuXd 
fivo a fulao (an oiigo| at onu^ 'Poak it rocuiiwoa , with fX am* 
aa tho wMiqplIjig rato of tho A to h liunrvoroion wiXX ho. armtni 
t*i wi« 

Tm Ghaptor 9 wo givo hiupfiiaro AitaiXa of tho 
OotOOtioii Sifotou* 
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mssim or ms stomi* mmmcsimn «f&sm 

MtmUly , tim digits wait itiUl ooasi^vt of aai A to D 
•owfortor, « d to A mmmmtaw for 4isi»3Ui3f m& «lio sI^mI 

Sfston Ifflm) . no will flrsA oonsidor tim aoia 
part r i*o. too 8B8. 

4.1 mamnm mmmim scmem 

•asioolly too toeAaiqott of eoliortot %imm oftoogiiif 
iotoliroo too iMWltloo oanfbinaAicm of ropootoa ^stoq^oo of 
tlio oifiiol im mmh. m 007 toot too tmo oi^aol xoioiorooo 
itoolf ^wtilo too toito towis to Otooii. oot* ta me&m to 
otooto ootosoiMNi ^ too mq^o saot to totoo wito too otoo 
tiao toio t l o aolti p to too oifiiol tofiwKlag 5oot to'ioro tlio 
ptoUiMi of' too oltoo^ toito io to to tohonooS. flio Moot 
pilflo fniii too ooolof toit win ioOlooto too poot poiot of 
too It woto oito o folojr A# llkia will to oor ■oit'Or ptooo 
for too ofoorofitiiiy oipoto t i o o# ' ' 

ftor tto woifttod ovorofito ootooo o woriolilo woiiifitiii# 

]Mioniow^''' 3 io ; oorsnoii# Awpiiooowooii ' woo ojaHMiA Mm . . 0 000 now 
OTio i Mi o A*' io ( W iii i Miwo if l of fft*>ll/li tiooo tto i^Lf owoacoo o^ A 
|i f .*i i i f t. ' tiMMi toft toliio tto ot too troo ^ ^ ^ 

. iH^yip,1^.. A« 
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M&mm if IPS ■ tlw iiMar^wwat in tlws smacmt^ Toy ^ , wm imvm 

& 

4% « I4.2J 

Cciiif«ri«m of «<pi«. (4,1). - ai^ (4,2) mi^nm tlmtt it i» *0*0 
®o»voni«nt. an mill .an ooapntationaUy aooQsata' to. ealoalata 
A* firat datiomiaiiig «a froo a^«(4,2) and t^aa addiiif it 
to A |, latiiar tl»a to ana a4pi,(4.1) diaaotls', tanamaa tuo 
imltiplioatiooa wra tbazi^y laplaead bf omi divialon by a 
aonataat Mi, . 

' ' lOm ai4pal:pramnit'.aftar a aan^lavaa bami .baaa 
iaolaikNI ia tlia vwmam^m wmy ba i^otni .to ba (§]. 

Jk, - «U - U - VW"! W.« 

aliafaia tite .lama aipiai 8 ia aamaaid oonataat tbmaai^'oat 
a. oaai^^laami, mba aoiaa' pearnHst aloiaf adtii tba maaidaNaa aUl 
aAd 'OaXif ia mm aa»aa aai aftmr a m^^Uacaa , it will baacmi (8) 

IliMUMI M §LB %lwl ^ IMMiII ||| ^:| | |# iNQAI!NNMl%# 

. . . ita a ♦ tiai aifaal 

.8 iHW’JlmiiiilkMiilk widlli 

JUm . 

JUIkl - M.« 
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»qa*|4.5J stows that wiiai s larger value of ic we get totter 
i^^woweneat la tto sigaal-to-xioise ratio* Bat tto assa^ptioa 
that tto aigaal reaaias cNonstaat toriag tto infiaito icfermgiag 
iaterwal is aot totally eorreot* Sigaifioaat traasloat tosage* 
is tto abasm of toe foetal ocmplex to ai»pear fro* ttoe to tiae , 
aa^ persist for to to SO saeoessive eonpleaes, oato ttoy appear* 
Fimp Oiagaostio purposes ttoim is a Mied to toow toese traasieat 
otoage* ia tto foetal waveform , as well as to provito si 9 aal*'*to**‘ 
aoise omtoaosemit* toss, il stosM iw>t to so large tost tto 
to^rt term etoage* ^ tto- foetal eouplstii are sabtoMSI* ly 
adSastiag tto wei^tiag faetor , towever , tto aiwor eaa c^i^ia 
a wariaMe treto off totweea^ S/a it^prevemeat ato 4yaamie - resposMtsi* 

Hi otooae tto value of M to powers of two as it 
slsq^iftos tto fivitor tortosre* tosositog to lOifae t0| a 
msaiw , valua of tSCCt^) is safftotoat for satoaesMsat* Bsaoe 
ws tsto' M fresi t to tii* 

VtHM we mmA two SMsso ry Idotos to stose tto idl4 avesage 

iMWt 0 n,n 

'Up WmmJm 9PP PPITMyL WOlPmiPPMI ^ HPyynP XPPHMPiP «PP 

ia gessESSl ee ^ is sK^st for ^ftflifiripsf it ' ev e vi ig^-eg i 

Ototouslv* liui two sMsiorv Motos wiU lie fomeS to two statto 

:|iBI|lSV SSif|*toPivii' 'MPPwP mmmmSM&mi WWm WKmKmf mmkmw 

Bofitoto IMI for tto avertot am& tto .Bsapile toift BsffPttolfW 




Figure 4.1: BLOCK DIAGRAM OF THE DIGITAL UHIT 
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for the sample. Now vre can easily compensate the detection 
delay of the matched fitter by putting a Delay Register (DR) of 
appropriate length before the SSR. The A to D converter will 
degitize the maternal blanked FBCG signal , once a sample pulse 
triggers it. 


Normally when no new sample (complex is detected _ the 
signal gets spilled out of the SSR. Thus every sample pulse 
triggers a clock gate generator v/hich in turn gates-in a 
clock burst corresponding to a xrard shift to SSR and DR. A 
Detect Pulse (DP) indicates that half the complex has entered 
SSR. Every detect pulse starts a counter in the asynchronous 
logic generator , which counts the sample pulses till the full 
complex is let into SSR , then opens the arithmetic gate so that 
the clock bursts are let into AU and MSR for a full 'complex 
duration'. With a little delay (explained later) it also lets 
the D to A output to be connected to the strip chart recorder. 
Thus for every undisturbed (unblanked) complex at the input, 
we get a newly averaged complex at the output. Full block 
diagram of the digital unit is shown in Figure 4.1. 


4.2 SPECIFICATIONS OP THE DIGITAL UNIT 

We now discuss some important factors concerned with 
the digital unit. 


4 . 2 , 1 The Sampling Rate ; 

The spectral analysis of FECG complexes gives the Nyquist 
rate as 90 samples per second. We take a sampling rate of 2 to 3 




■ tm HidUL abcwm tJ» mljaisiim r«^tti3C«awm<;. Varlitioii ia 
4iio iMipIliif mit« is wwfal»g^ ttae mmuemtm adimstmmt of tfe» ■ 
aaalog dstoetioa doJUi^r ia thm digital irait* 

4,3«2 9!i« Hard Siaa of liSll» ai»l 1^% 

■Wm vmat to oooipoftsato a dolay of app ro actaa tol y 2® a»* 
flats iM taka a OR of « m4a so that a sai8|»lijag aeato of 2,5 ma 
will giw as tha tagiiirad dalay, Ttm SSR aad HSR idtoald ba 
-loaf anoa^ to cMKataia ISO as oowplaaBss, ffeMi wa taka SSR 
and: Mffll of S4 wosda (availabla vmXm^ so that tha *ag«i*ao^h 
is satisfiad at a saan^Hag *ata of 2#i as* h littla trisaiag 
of tha araipliaf *ata fidiioh will ha dcMMi at ^ atatti win 
not satiowily aflNartl tha*t4oa oaatwit* of 88R aad l®R« 

4a*t ilaibat of Bits far ROcdt 

iiaaa • bits/sori will fiwa iwffloiaat aoosr^y for a . 
fisi raoordad oatgmt aad • bithtoDaadotohara aaailabla 
ooBSMBaly f wa dh s osa a word slsa of 8 bits dariag osararsioa* 

Bat aftwf tbat f to frswaat tha loss of aosarsoy' daa to ^mwiid 
off mmm im miMmatim mOMt m add • aaara low oriar bits 

ias Mwiawi tiHaa of K is 2i<K tliio wiU tislio ^ tol*l word 

idJM tO' Id "bito for tho iSB as a idholo* ' this fipifa ia 

also good fir*** tira foiiit of wisw of basdsaxa* ' 9hs aaad aM 

Middl'll'lr ' t'iW ^ rnat fitmimmA bnoif* 

mill saiMMaaa to oga»|4*I| ^ wa obaarws if tba 
word sira ia leapt f bita tbwa h fit aad •* will all hawa 



i hltm/rnixAm R» ixi CSmptftr € wm will ijqplaiMaHi 

thw (iiwislcM 1^ irttifting ^ ilui amOaffir of shifts bsiag 

•gasl to log^M* fhas f or h « a5€ wa will liawo to shift 
• tinas# ani hwuso will alwa^ h« soro. flats ao oshsaoo- 
Mmt will ho foasib:Ui, this of ooorso is aa oxtrssNi oass , 
hat Mmt lowsr walaas of M thara will ha a loss of aoearaey 
whififti will iatrodtaoa a dtead mmm iato tha oalcalatloa of 41* 
Isaoa wa aid tha lowar oriar hits to sawdi word afttae 1 to ■!> 

CrClWrw* a 

4.1.4 Vha Cloik latat ^ 

Mm at^plaiaai aarliar aai la Chai^tar wa mm& 

IT oiooh p^sas pits 1 to B eoasarsioo tiaa aftar awary 
saaq^la paisa. Tha aial swi a waliw of saa^liag rata is t as* 

Jt to B ooBWaraioo tias is- .say at tha sort 4® pa <1 alooit parioil 
thm italTT a It®®# t^ara f is ia pa* wa taka a 41 osIl fra- 
g a a a sy- of 1$ IWs whiOh ..la wall ahosa tha aiwiaw a liait* 

^ la w a ai ] aphtr^tiaa --aai iiwiaian -ip' astf iB*; 

«•; 'pMa " 1 * 0 ' aiMp3ttMHi* •o** # slap^lifiao <ia ■ Mmam of 

iMuslaaara) tha abofa asatlowiii ©pwBptiaoa* , la a- weaiit tha 
laaaat MM ha at tMm ftroiit whila si«a hit 

will mmm at tha last. . . 

fha haiiwara iataiila ®f tha- -digital wait ia iaalt 

wiiii,la mrna^ i« 



Ctmj^siisr » S 

MmoQ miT » mmmm wsmsm 


Xa tills sliAftsr lict will bristly 4lsscnril>s tim sariotts 
sistmits sliiiili bsvs hmm assd to isqgilisMiiit tbs wfw^am 

ffltfMiiii utm Mim ’illi mi wmn itssi imns ^ 

P®Ww^JU0Wwiiy s 

S.l TBM mC6 OIlVliBBaCS 

Xbis fMd unit is stppossd to sxtrsst s wwmAmpa 
tbst is maiMMOPfoa ia siKiiss* . SstioHdlly ^ if tlm sifssl is to bs 
SM^lifisd ssyifisrs Ameim^ ths isrossssia^ , ssplifiostloo 
siMMilf bs fsorfsotly lianHur. mmmm ws sss <^«nps» stsxsvwr 
Wm sipisl Isssl is to bs boostsf 


filpns S«1 ' fOiQs s tbS' sotits fS!s*‘tMpiifisr O'iroiiit tbst 
bas bssci rnssi# ilJMM diXfsmn^yisl siqplifisr aiiis cwt of 

mu sp#iiip# 

ssisrsts. bofisss os two lisMi<». . blso , m ffJNIsiessIdUi^ 

will ssfsr bs sbls,ib .fitS: tbs ssfsiitsis of .lii^t ^.laqpfbwss so 

# ss ifw to bsws« . ^ 


isiloiisr is m sisplsst iMfinr* ist ^ wilii s 
isllssst , tbs biss sssssst of tbs sosinvsrtiaf tsOTitsst sdll 
bs «esMi fmm tbs ttsstsoiss« .fiiis will fssstioslly csisss ' ' 
tbs f •#* liipit of tbs simiit*. finis «s sss s boot** 

'StssifsA tmfiiir saA oos^pAs tbs slsotsoAss .ospisltisi^f » its ^ 
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4iiriiii<aa of tli« boforo positiiro foodbaolc oasoma tli* 

atabiilt^ of tha boffttr* fliaa ttia effacrfeiini iapat li^padaiMMi 
iMdlll 1»« 

R|^ »> (i m op^aaip, // 

aliaieo ia Vhm faia faoat acaiiiKvartia 9 iapiait to tba livMer 
point* l^aaf tha aitl.«MMi thown^'lk^ •» 0*tS wsid Jawaoa z= 29 Jm 

Wm iGoatp R4 • % (R^ » Rlviakit aqaivalaiit xoalstar} f«Hr biaa 
ewrirwBt ooaipafiaatieai* flta i^aarvod iapot impoSmcmm vm sioro 
tban 12 It a. Baooa • 0.22 ^W will anaora tiuit tta hlfb paaa 
litaak point ia laaa tliaa 1 Vha tlisaa 100 1 # eapaoitora 
at ^a' 'iapat wippwia ' tba : ©aoillatima wtilO' 10©' KS i-aaiatowO' 
airaaqp* tta aaiiiatioaa 'ia tta olaotao^ raaiataaoa to mmm <wita«t# 

«ta aain fatetiiai of tto dif famtial am^fiar ia to 
fiat a oooi ami. '2t«a wa ^ not aatacaot a law faia oat of 
it. fiia faia wiU ImI diatrltiatad ia laat liiM atagaa mm 
10, 100 aai 100 1 oala' of 'Idia ;laat ataoa wUl to hm§m mX'iMMM 
CfMWl oaaiioll* ^ % m mrnpUm mmaoito*a peaoaat mm 
4.O. OiriiO iw familjif m mlm mM mm tcaatliiif 

aolaa talow 1 ^'fla* tba Sow paaa filwiao ia tlw Ott atafO ia . 
apalii aatot foa aaptaaajtof .tla ©aaiHatloaa. lliia oiaaait 

ipllt lato two fC®*# ..^mmm mim tioOi aiMI low gala 
fpigato i.la| aai ita ^oWiar wim low Mg Itolafciwalyl wift lii^ 
gaia* fltJUi fa t© ' igm m mm mm ■ tOta - iww iillatloaa O oa to pwwiioity 

at iOmi aiga mmmmrnemom* 
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(b) PCB HO. 20/75 (PA2) 
Figure 5-1 THE DIFFEREHCE AMPLIFIER 


^ h-^ 5 ) 

1 \iF 


(PAD 


€) 

Output 

X 

. SSD741 



Figure 5.2: MATERIAL COMPARATOR 


38 


M 

y tel 
^ o 

JS <5 
ch 



+12V 





S.2 oimmmm 

lift iiftft ftii Solmitt teriffnr to an. iadftfNMftfiftat. 

cmitvol mmc tiMi hystamsis axvSL tba triffar JUival,. iKXtk tfaa 
ft«i3.fta» ia Wigmem $*2 , ife fat a h^ffttaraais of aaeoaafi 4«t irolta* 
indft aliftftdbi pCftfftiHit 'tiMi ganaratloa of an^tij^a poXjMift dna to 
aoifta ovaariftaf tlia natasaal R paalt» Ita 22 af oafaeitov 
at -tNi iapiMt ftltioa tlia ooiaa to mmm axtaat* flia . 

2® H) tsriamur oaa aaxy tlw triffar il^tvai ovar fall saafa 'Of 
12 ftolta* iKwaallj , it will hm i^lasitftd to aieoima a? wolta* 

f #2 fidfSBJRNU tUMil dip EI CrlRC^rif 

tifftaa i*S friNwft tlw ftotixa oixoait tux tla a fc i aff of 
ttft aatmeaftl oaai^ftaaft* I'tsaaaiatcHt ptlaft' fttsateliar fiwaa 
a ift'lajad wa» of lyeoraifi' 1®' wm wiia *’ a« aafpimd. fta valaa of 
C ift ^lOBOB a* a o oo p g ei ai — tatwafta tta loadiaf of 4te 
opfNftftitor. aai ita loi®iafa,.ioalataa(Mi* It ftlawlf ^-alao fiaa a ' 
^caaaoaftlila walaa'of o a tto a t Casoaaft 1 atfk ia mBot-mmt fw tlia 
awKxaat aowtoft* flM baaa tai^aiaaMNi of i w ^i a f taanaiatea 
{aasoaa Umi fiofa 'aaf, «ia^ o^paoitoal ia foaipaaly t' ■, 

00 aa to fltoaat oolf «ia, na^piaaf aaooat of mimat* t fata of 
all taita to •f ftoAto ia paowifaf tox tta ft® awititiwi 1* tlia , 
rnt^'T aai tali* ' % W oapaiito* ia aan^ aai^ tolA ia 

laaia aaaagt to teli tlia ^msgm for a aaaoad aai aaall mmufk. 
fat 'tta a^^aao* i® alaitfa it witiiia i® to i® aa* ^ Ita too 
1®® m ' fw * 9 tf ^ aili t««r ^ toaitiM of mm trnmm aai 
aifaa of tto mtoaaal hiMdxg wiaioir* 
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flui MBlW in mmt t0 tiMi xaqiiirod wiStli islieaa antoxiuii {MMriod 
im at ita i i ia i ii aB C9«S aaes.K •Bm width iaoraaoas hy 3@ to 3St 
idiofi tha aatttxoai parlod ranahaa Ita laaxinaai tmloa^ H aao«) . 

•a ns rniTCSBBm WXMXM 

lie mmmi. tao aaoooi osdar low pass filt«ra irlth Q*a 
of t.i and i.tS* Ha aaa tlM TOafi^aumtioo Hhieh is 
fpaiMHrail^ vmnmI §m low Q filtara. 

for a ten low fMisa filtwe with ida at l oa l raaiatora 

WMI llllpHlXMini 

© • l/|i««| or 1 • 1 - 1/0 

®fiO«0 Ol • $ Ki •" 1.2S I 

Oi • i.tS f Rj • 2.1 , i 

m 111 ffo aa mtoalataS ia esbaptar 2. | 

m i/m « l«i rpa. 

tet e • 0.1 ft I 

thoa R a <1^ | 

Ha maa f«» of*aii#. iar mm HBfi aa it haa a hattar atof wmmpimm 
Iwhaa p a ofw r l y ooaHaaaatai) thao 241. ' tha ow HH wi a a t iaa iMad 
ia te faia « 1 « i*a. » l.i SR aad i af at ^ |j^ and S»t fH 

sVk vMi fiwmviw# " . 

S^^pMtii S#4 •iwiwi 

.M M atawk riidlM to Uw aavwM taiMw (..pm. j 



Figure 5.4: THE MATCHED FILTER 
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wltli m U volt of 3*s ns SaoBstioa* fl** fllt»r 

wlMwi tostoi witli a aiimUlaiti^ footal sifaaX fwfo Aitoeltioo 
^la^r of 39 •€ met meA a aifnaX, to is^isa mtio inpccnwaoat of 
Moco tliaa 30*. 

$*5 oycpm mm mx im^fos 

MtMr tlio oatBliadi fi3tot «a op.anp. iamurtat witt a 
t»f|Niaa awitiit ia peovl4i^» tlia s^Mieaaitsr of ililoli ia aa p Xaio o a. 
in tlia 3Mt (Eriiaftur (8 la opao for poaitira £oala3 R paafcal* 
flia fata a3aoaat aaa giro a gala, fmm 3 33 ao ttat tlia 

ftf'WTf 8ataotor to p po rl flafl vltli fraaWa of aea^lta^Nui 
graatar tluai tiM iloda &»niari ro3ta9a*' fta -ap«aaip* -ollppar 
OMnalta oalr aai* aaoatlva to fauna iSircNaG4i wltli aa 

iavaraioa* Vtam tiia liaaa 3 Ijm aolaa tia aot allowad to I 

i 

MMWwmWImm WmMm wMI pMK 

i 

fba itaetloo &t mm paat Aataetor la to glwa tlia aaaat . j 
laaiaat at i«il^ a poaltiwa paidc oaeara* Ia tlia alaamit mmm i 

i 

la Vigaaa S»8 'Wm- eoi^axater 8ataeta tlia laataat at 

wldMi mm 8la4a l>| atopa cnadaotiag aaA li| atarta omBrnmim* 
fta mrnmmmm la ^aa lamtat aaA lUfiavaatlataA to 

fiwa a atarp poaitiwa f«3aa. itla oatp^ la tatliar gatai 

a liliit gaia luiwlag aa Ita^ ooatr^ li^iit I8ia output | 

M tha af ftff* tg a oaaaada at two traaalaiea. iamtara ^ 

to oaiat to oat ooi mm «loda awlt^laga at tlia oMMo laataata* 

' ' '■ ' ' - , ' ■' i 
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fiMi 20& fV and 470 pr oapaoitors msmmm tlM iiaollJUitiana 

mA Ihnmmi itSm puMKratiim of dotoot tdiaa 0|, and 

02 axtt bofJi out of eoBdootlm* flm toidino oapaoitor is dis* 
ifNuefod afOss a SO SM daiaf' tdiieli is sassli fsoatar than tlia 
S MH ciw BBi posaibia width of the inimt peak (20 as} aad anadt 
ssMidLisaf than Idai niaiann foetal period of 2S0 aai (240 bpi|« 

S.f AOOlO-Vimi. XKOlKOUfOKS 

file dotoet palMis (OP| time ooMUcatod are meed Im» 
drive a U® miA a speaker. Vigiare S.O depiota the driver 
eirsmit* h poised oarr e a t of 1$ ah aad 100 ah is provided 
the UQO md the ttjpmSmx, respeotivel^. 





Giiaptttr *• 6 

Dzeimti imzT « mmmm rnmus 

'thim ohmp^tr wlXi dMl 'witti tbm (i«taiXo<l ii»#iga <if 
digital imit* -ifea aiitira aijreait ia iK|d.it into six porta* ■ Ws 
will oonsid^ tluMi 'Cnui l» 3 f omm aloaig witli tlia logic xapi. 

«.l YBl 1^-0 eOHVBKTBE AMD 9MB ZMPDf ClOmiXS 

As sixnni ia Bigors i*l * tAs FBOl iapit fwitb aiatairaal 
blaakiiig) Croai tlui asalog anit is maqplsd maA iMtld for digiti* 
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Figure 6.5(a): THE ADDER ADD COMPLEMEETOR. 



Figure 6.5(D): FULL ADDER 1)ETAILS. 
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Figure 6.6: THE HECOMPLEMINTDR, MEMORY LOOP AID OUTPUT 

CIRCUITS.'' 
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